The long term goal is a quantitative and mechanistic understanding of the relationship between infaunal ecology and the consequent modification of sediments, including the creation and destruction of heterogeneities and the modes and rates of sediment component mixing.
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Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. In addition, we have continued to develop analytical models of bioturbation, in order to compare with the results from LABS. The prime theoretical question we considered in this work was the nature of the relationship between LABS and classical 1-D biodiffusion models of tracers. (Boudreau, Middelburg and Meysman) RESULTS 1) Automaton Results. Figure 1 (A&B) visualizes the behavior and effects of four head-down depositfeeders in a typical nearshore sediment as simulated in LABS. Two layers of color tagged sediments have beed added to highlight the advective motions caused by the feeding action of these worms and the diffusion created by chance segegation and infilling of the burrows, i.e. a white layer between 0-1 cm depth and a black layer between 7-8 cm depth. The organisms do not disciminate tagged particles from untagged. The first figure shows the situation 4 hours into the simulation and the second is 25 days into the simulation. The parameter values, such as worm length and ingestion rate are taken fron Rice (1986, Jour. Marine Research).
The advection of the surface layer is best appreciated by considering the organism on the far left. In Fig. 1 A, surface-layer material with the lateral feeding range of the head (orange) is just beginning to descend to the feeding depth; in Fig. 1B , the surface layer material has just reached the feeding zone, when the organism dislocated to a new burrow location to the right. Immediately above this surface material is a dark patch with is obviously sediment that was originally in the feeding zone that has been defecated to the surface and tranlated by biological advection downward. However there is still white surface material above that dark material. Thus there is differential advection, and that leads to mixing , i.e., biodiffusion. The other burrows display similar phenomena. Figure 2 illustrates the observed and predicted depth distributions of the isotope 7 Be in a New England sediment, as studied by Rice (1986) . The LABS data is created by attaching a normilized amount of 7 Be to each particle that settles to the surface and laterally averaging the resulting 2-D distribution to get a mean depth profile of the isotope. Comparison between Figs 2A and 2B show that the profiles are similar, taking into account that the mean position of the LABS sediment-water is at a depth of 0.5 cm. (The scattered values above this depth are created by jutting surface roughness elements.) Figure 3 compares the downward advective velocity created by head-down deposit feeding in situ (Fig. 3 A) and in LABS (Fig. 3B) . The lines to compare are the line on the left in Fig. 3a and the blue (right-hand) line in Fig. 3B . Without adjusting any parameters, LABS quite accurately reproduces the advections calculated by Rice (1986) . The only important parameter is the feeding rate, and that is fixed by observation and the 7 Be profile.
The other organism now complete is a fiddler crab. Figure 4 illustrates the crab and the mixing caused by its burrowing and the subsequent in-filling of the burrows, either by slumping of surface materials by collapse of the burrow. Surface material has again been color-tagged white to highlight the mixing. We have only begun to examine these affects and will report on them in the next fiscal year's report. A. B.
Figure 3 Plots of the biologically-induced (mean) burial velocity, created by head-down depositfeeding, at a marsh site in New England (Diagram A) and a equivalent simulation by LABS (Diagram B). The blue (right-hand) line in B is the prediction of the left-hand line in A
, and the agreement is excellent. Figure 4 . Visualization of a fiddle crab in LABS, its burrowing and the effects on white color-tagged particles, initially at the sediment-water interface. The crab(red) is about 4 cm in size and burrows to 12 cm. The in-filled burrow on the left was accomplished by filling it with surface naterials only; this produces a vertical column of tagged and untagged particles. The in-filled burrow to the right of the crab was filled in by collapse of the surrounding sediments, to produce a cone-like distribution of tagged and untagged particles.
2) Deterministic Modelling Results. The current state of modelling bioturbation of sediments is one marked by confusion because of uncertainty in the treatment of porosity. This has lead to conflicting conservation equations for radiotracers, particularly when assuming steady-state compaction. We have re-examined this situation in the context of multi-phase, multi-component continuum theory. By considering the conservation of momentum, in addition to mass, we have identified the correct reference velocity to which biodiffusional fluxes should be scaled. We find that the total advective velocity can be decomposed into a physical part, determined by accumulation and compaction, and a superimposed biological part, resulting from bioturbation. From that, we have formulated a consistent set of model equations that govern (1) 
where x is depth, s i C is the concention/activity of the tracer, F s is the constant flux of solid sediment to the sediment-water interface, s ! is the density of the solid phase, s ! is the solid volume fraction, is the biodiffusion coefficient, and λ is the decay constant. This resolves, once and for all time, the B D correct form of equation to model isotopes in natural sediments with a porosity gradient. It also allows us to properly treat the results from LABS with variable porosity.
IMPACT/APPLICATIONS
Our results will prove to be highly significant to understanding of chemical movement in sediments and to acoustic seafloor imaging, i.e., studies of heterogeneity.
RELATED PROJECTS
We are working in collaboration with Peter Jumars (Univ. Maine), and his PhD student Kelley Dorgan, who are measuring animal locomotion rates and modes of movement. Their results will be used as inputs into our model.
